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(57) ABSTRACT 

A route guidance program and method are disclosed. 
Maneuver data structures are formed that include data from 
a geographic database for each location along a route at 
Which a maneuvering instruction is to be provided. These 
maneuver data structures are used to form a list of tokens. A 
token can be either a character string or a symbol that refers 
to another item of data, Which can be either a character 
string, audio data, or graphics data. Maneuvering instruc 
tions are provided by explicating the tokens in the list of 
tokens. Explicating the tokens is done by providing all the 
data contained in or referred to by the tokens in the order 
speci?ed in the list of tokens. If the token is a character 
string, explication includes providing the character string 
data contained in the token. If the token is a symbol, 
explication includes providing the data referred to by the 
symbol, Which can be either a character string, audio data, 
or graphics data. The list of tokens is built by combining 
sequences of tokens. A sequence of tokens is formed for 
each of the maneuver data structures. Each sequence of 
tokens is formed from a output list formed by application of 
a rules set to the data in the respective maneuver data 
structure. The contents of an output list for a maneuver data 
structure can include symbols and keys. Symbols in an 
output list are used to form tokens Which are included in the 
sequence of tokens formed for that maneuver data structure. 
Keys in an output list refer to data in the corresponding 
maneuver data structure. Keys expanded to form tokens 
Which are included in the sequence of tokens formed for that 
maneuver data structure. 

17 Claims, 11 Drawing Sheets 
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SYSTEM AND METHOD FOR PROVIDING 
ROUTE GUIDANCE WITH A NAVIGATION 

APPLICATION PROGRAM 

BACKGROUND OF THE INVENTION 

The present invention relates to a system and method for 
providing route guidance information to an end-user of a 
navigation application program. 

Computer-based navigation application programs are 
available that provide end-users With various navigating 
functions and features. Some computer-based navigation 
application programs are included in navigation systems 
installed in vehicles, such as automobiles, trucks, buses, and 
so on. These in-vehicle systems can provide end-users, such 
as drivers of the vehicles in Which the navigation systems are 
installed, With various navigating functions. For eXample, 
some navigation application programs are able to determine 
an optimum route to travel by roads betWeen locations in a 

geographic region. Using input from an end-user, and 
optionally from equipment that can determine one’s physical 
location (such as a GPS system), a navigation application 
program can eXamine various routes betWeen tWo locations 

to determine an optimum route to travel from a starting 
location to a destination location in a geographic region. The 
navigation application program may then provide the end 
user With information about the optimum route in the form 
of instructions that identify the maneuvers required to be 
taken by the end-user to travel from the starting location to 
the destination location. The instructions may take the form 
of visual and/or audio instructions that are provided along 
the Way as the end-user is traveling the route. Some navi 
gation application programs are able to shoW detailed maps 
on computer displays outlining routes to destinations, the 
types of maneuvers to be taken at various locations along the 
routes, locations of certain types of features, and so on. 

In addition to in-vehicle navigation systems, computer 
based navigation application programs are also provided on 
various other kinds of computer hardWare platforms and 
With other kinds of computer architectures. For eXample, 
navigation application programs may be provided on per 
sonal computers, including desktop computers and portable 
computers. Computer-based navigation application pro 
grams may also be provided on netWorks, including Wireless 
netWorks and the Internet. Computer-based navigation 
application programs may also be included on hand-held 
computer devices, such as personal digital assistants, 
telephones, pagers, and so on. In addition, computer-based 
navigation application programs may be included on special 
purpose electronic devices, such as personal navigation 
systems. 

In order to provide these and other navigating functions, 
the navigation application program uses geographic data. 
The geographic data may be in the form of one or more 

databases that include data that represent physical features in 
a geographic region. The geographic database may include 
data representing the roads and intersections in a geographic 
region and also may include information relating to the 
represented roads and intersections in the geographic region, 
such as turn restrictions at intersections, speed limits along 
the roads, street names of the various roads, address ranges 
along the roads, and so on. 
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2 
Although navigation application programs provide many 

important features, there continues to be room for improve 
ments. One area in Which there is room for improvement 

relates to providing meaningful maneuvering information to 
the end-user. For eXample, When a navigation application 
program provides maneuvering instructions to the end-user, 
it may be helpful to provide information about the names of 

the roads involved in the maneuver (e.g., “At the upcoming 

intersection With First Street, turn slightly to the right to stay 

on Main Street”). HoWever, some roads are unnamed. 

Accordingly, in order to provide more meaningful maneu 

vering instructions that include more detail, it is necessary to 
take into account the availability, quality, and type of infor 
mation Which is available about the represented physical 
geographic features. 

Another eXample of an area in Which there is room for 

improvement relates to providing maneuvering instructions 
in different languages. For eXample, one person driving a 
rental automobile With a navigation system may Want to 

have audible maneuvering instructions provided in English. 
Another driver of the same rental automobile may Want to 

have the navigation system provide audible maneuvering 
instructions in Spanish. Alternatively, another driver of the 
same rental automobile may Want to have the maneuvering 

instructions provided by the navigation system as teXt in 
English With graphics on a display monitor. Therefore, it 
Would be bene?cial to be able to accommodate the prefer 
ences of each of these different drivers With the same 

navigation system in the same automobile While still pro 
viding maneuvering instructions that are detailed and mean 

ingful. 

Another consideration relates to providing route guidance 
features on a navigation application program being run on a 

personal computer. If the end-user is running a navigation 
application from a personal computer, he/she may Want to 
have the maneuvering instructions printed out or saved to a 

disk ?le for later use. In this situation, the maneuvering 
instructions need to be rendered and formatted appropriately 
for printing, or in a usable ?le format. 

Other considerations apply if the navigation application 
program is operated from a hand-held computing device, 
such as a personal digital assistant. In this situation, the 
end-user may Want to have the maneuvering instructions 
provided on a display screen of the device. If the navigation 

application program is provided via a telephone, the end 
user may Want to have the maneuvering instructions pro 

vided audibly as a voice message or on a display screen of 

the telephone. 

Because there are different Ways that end-users may Want 

to have maneuvering instructions provided to them, it is 
preferable that there be different Ways to render the maneu 

vering instructions. HoWever, because these different kinds 
of devices have different capabilities and user interfaces, it 
has been difficult to provide a navigation application pro 
gram that provides meaningful route guidance features that 
can accommodate all these different kinds of devices. 
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Accordingly, there is need for a program that facilitates 
the delivery of meaningful information to an end-user of a 
navigation application program. 
A further area in Which there is need for improvement 

relates to provision of a universal route guidance module or 
tool that can be readily used in a variety of different softWare 
and hardWare environments and platforms Without the need 
for extensive revisions and customiZations. 

SUMMARY OF THE INVENTION 

To achieve the foregoing and other objectives, a method 
and system have been invented that provide improved route 
guidance With a navigation application program. Maneuver 
data structures are formed that include data from a geo 

graphic database for each location along a route at Which a 
maneuvering instruction is to be provided. These maneuver 
data structures are used to form a list of tokens. A token can 

be either a character string or a symbol that refers to another 
item of data, Which can be either a character string, audio 
data, or graphics data. Maneuvering instructions are pro 
vided by explicating the tokens in the list of tokens. Expli 
cating the tokens is done by providing all the data contained 
in or referred to by the tokens in the order speci?ed in the 
list of tokens. If the token is a symbol, explication includes 
providing the data referred to by the symbol, Which can be 
either a character string, audio data, or graphics data. The list 
of tokens is built by combining sequences of tokens formed 
for each maneuver data structure. Each of the sequences of 
tokens is formed from a respective output list formed by 
application of a rules set to the data in the maneuver data 
structure. The contents of an output list for a maneuver data 

structure can include symbols and keys. Symbols in an 
output list are used to form tokens Which are included in the 

sequence of tokens formed for that maneuver data structure. 
Keys in an output list refer to data in the corresponding 
maneuver data structure and are expanded to form tokens 

Which are included in the sequence of tokens formed for that 
maneuver data structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a navigation system. 

FIG. 2 is a block diagram illustrating components of the 
navigation application program of FIG. 1. 

FIG. 3 is a diagram illustrating the components of the 
route calculation object of FIG. 2. 

FIG. 4 is a diagram illustrating the components of the 
maneuver generation tool of FIG. 2. 

FIG. 5 is a diagram illustrating the component members 
of one of the maneuver data structures of FIG. 4. 

FIG. 6 is a diagram illustrating the components of the 
token generation object of FIG. 2. 

FIG. 7 is a diagram illustrating components of the token 
generation con?guration object of FIG. 2. 

FIG. 8 is a diagram illustrating the components of one of 
the rules tables of FIG. 7. 

FIG. 9 is a diagram illustrating components of one of the 
rules sets shoWn in FIG. 8. 

FIG. 10 is a diagram illustrating expansion of keys into 
tokens by the expansion function shoWn in FIG. 7. 
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4 
FIG. 11 is a diagram illustrating explication of the tokens 

in the token generation object by the explication tool shoWn 
in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

I. EXEMPLARY NAVIGATION SYSTEM 
PLAT FORM/ ENVIRONMENT 

Referring to FIG. 1, there is a diagram illustrating an 
exemplary embodiment of a navigation system 110. The 
navigation system 110 is a combination of hardWare and 
softWare components. The hardWare components of the 
navigation system 110 may include a processor 112, 
memory 120, and so on. 

The navigation system 110 may be stationary or portable. 
In the embodiment shoWn in FIG. 1, the navigation system 
110 is a portable system located in a vehicle 111, such as an 

automobile, truck, or bus. In other embodiments, the navi 
gation system 110 may be installed in other platforms, as 
explained beloW. 

In the embodiment of FIG. 1, the navigation system 110 
also includes a positioning system 124 that determines the 
position of the vehicle 111 in Which it is installed. The 
positioning system 124 may include sensors 125 or other 

components that sense the speed, orientation, direction, and 
so on, of the vehicle 111. The positioning system 124 may 
also include a GPS system. 

The navigation system 110 also includes a user interface 

131. The user interface 131 includes appropriate means 127 

for receiving instructions and/or input from an end-user of 
the navigation system. For example, the user interface 131 
may include an input panel, keyboard, microphone, voice 
recognition softWare, and so on, through Which the end-user 
may request navigation information. The user interface 131 
also includes appropriate means 129 for providing informa 
tion back to the end-user. The user interface 131 may include 

a display or speakers (including speech synthesis hardWare 
and softWare) through Which the end-user can be provided 
With information from the navigation system 110. 

All of the components described above may be conven 

tional (or other than conventional) and the manufacture and 
use of these components are knoWn to those of skill in the 

art. For example, the processor 112 may be of any type used 
in navigation systems, such as 32-bit processors using a ?at 
address space, such as a Hitachi SH1, an Intel 80386, an 

Intel 960, a Motorola 68020 (or other processors having 
similar or greater addressing space). Processor types other 
than these, as Well as processors that may be developed in 
the future, are also suitable. 

II. GEOGRAPHIC DATABASE 

In order to provide navigation features to an end-user, the 
navigation system 110 uses geographic data 140. The geo 
graphic data 140 may be stored in the vehicle 111 or 
alternatively, the geographic data 140 may be stored 
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remotely and made available to the navigation system 110 in 
the vehicle 111 through a Wireless communication system 
Which may be part of the navigation system 110. In another 
alternative, a portion of the geographic data 140 may be 
stored in the vehicle 111 and a portion of the geographic data 
140 may be stored in a remote location and made available 
to the navigation system 110 in the vehicle 111 over a 
Wireless communication system from the remote location. In 
the embodiment shoWn in FIG. 1, some or all of the 
geographic data 140 are stored on a medium 132 Which is 

located in the vehicle 111. Accordingly, the navigation 
system 110 includes a drive 114 (or other suitable peripheral 
device) into Which the medium 132 can be installed and 
accessed. 

In one embodiment, the storage medium 132 is a 
CD-ROM. In another alternative embodiment, the storage 
medium 132 may be a PCMCIA card in Which case the drive 
114 Would be substituted With a PCMCIA slot. Various other 
storage media may be used, including ?xed or hard disks, 
DVD disks or other currently available storage media, as 
Well as storage media that may be developed in the future. 

The geographic data 140 may be in the form of one or 
more computer-readable data ?les or databases. The geo 
graphic data 140 includes information about the roads and 
intersections in or related to one or more geographic regions 

or coverage areas. This information includes data specifying 
the positions of the roads in the covered geographic region 
and also includes data about features relating to the roads, 
such as restrictions on directions of travel on the roads (e.g., 

one-Way streets), turn restrictions, street addresses, street 
names, speed limits, and so on. The geographic data 140 
may also include information about points of interest in the 
geographic area, such as hotels, restaurants, museums, 
stadiums, of?ces, automobile dealerships, auto repair shops, 
etc. The geographic data 140 may also include information 
about places, such as cities, toWns, or other communities. 
The geographic database 140 may include other data about 
the geographic region. 

The geographic data 140 may take a variety of different 
forms. In one embodiment, the geographic data 140 includes 
a plurality of road segment data entities. Each road segment 
data entity represents a portion (or segment) of a navigable 
road in the geographic region. Each physical road segment 
has tWo nodes associated With it, one at each of the endpoints 
of the road segment. In this embodiment, the geographic 
data 140 also includes a plurality of data entities that 
represent these nodes. Each node data entity identi?es the 
position (e.g., geographic coordinates) of one of the nodes at 
the end of a road segment. In one embodiment, the geo 
graphic data are provided by Navigation Technologies Cor 
poration of Sunnyvale, Calif., hoWever it is understood that 
data developed and provided by other entities may also be 
suitable for use With the inventive subject matter disclosed 
herein. 

III. THE NAVIGATION PROGRAMMING 
A. OVERVIEW OF THE NAVIGATION PROGRAM 
MING 

In addition to the hardWare components and geographic 
database, the navigation system 110 includes or uses navi 
gation programming 118. The navigation programming 118 
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6 
includes the softWare that provides for the functions and/or 
features performed by the navigation system 110. The navi 
gation programming 118 uses the geographic data 140 in 
conjunction With input from the user interface 131, and 
possibly in conjunction With outputs from the positioning 
system 124, to provide various features and/or functions. 

The navigation programming 118 may be stored in a 
non-volatile storage medium 116 in the navigation system 
110. Alternatively, the navigation programming 118 and is 
the geographic data 140 may be stored together on a single 
storage device or medium. Alternatively, the navigation 
programming 118 may be located at a remote location and 

may be provided to or accessed by the navigation system 110 
over a communications system. 

The navigation programming 118 may be formed of 
separate component applications (also referred to as 
programs, subprograms, routines, or tools). The component 
applications of the navigation programming 118 may Work 
together through de?ned programming interfaces. FIG. 2 
shoWs a block diagram illustrating some of the component 
applications for one embodiment of the navigation program 
ming 118 included in the navigation system 110 of FIG. 1. 
FIG. 2 shoWs only a portion of all the component applica 
tions that make up the navigation programming 118. Other 
component applications, programs or tools may be included 
in the navigation programming 118. 

In the embodiment shoWn in FIG. 2, the navigation 
programming 118 is shoWn to include a navigation applica 
tion 210 and one or more navigation tools 212. The navi 

gation application 210 is a program or routine that provides 
for overall management of the functions of the navigation 
system 110. The navigation application 210 may also 
include support for and interfaces to the navigation system 
hardWare, such as the positioning system 124 and the user 
interface 131. For this purpose, the navigation application 
210 shoWn in FIG. 2 includes user interface functions 220. 
These user interface functions 220 may provide for present 
ing a menu to the end-user on a screen display of the user 

interface hardWare 131, accepting inputs from the end-user 
via the user interface hardWare 131, displaying results to the 
end-user on a screen display of the user interface hardWare 

131, and so on. 

The navigation tools 212 are programs that provide for 
speci?c navigation functions to the performed by the navi 
gation programming 118. In the embodiment of FIG. 2, the 
navigation tools 212 are programs that provide for functions 
that use the geographic data 140. The features or functions 
provided by the navigation tools 212 may include route 
calculation, map display, route guidance, and other features. 
The navigation tools 212 receive requests for navigation 
information from the navigation application 210. The navi 
gation tools 212 request and obtain data from the geographic 
database 140 and use the data to satisfy the requests for 
navigation information from the navigation application 210. 
The navigation tools 212 may obtain the geographic data 
directly from the geographic database 140 on the medium 
132 or alternatively, the navigation tools 212 may obtain the 
data through an interface layer 213 and an operating system 
214. 
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In one present embodiment, the navigation tools 212 are 
provided as modules that are relatively portable and that can 
be incorporated into different kinds of navigation programs, 
systems and/or platforms. Each navigation tool may be 
compiled together With the navigation application 210 and 
any other navigation tools to form a single executable 
program Which is stored on the non-volatile medium 116. 
Alternatively the navigation tools may be used as one or 
more standalone programs. In a preferred embodiment, the 
navigation tools employ an obj ect-oriented approach to their 
programming, use of data, and relationship to the navigation 
application 210. Each navigation tool is formed of one or 
more objects, each of Which receives input data and gener 
ates output data according to a prede?ned function and each 
of Which may invoke methods on other objects. In one 
present embodiment, each object has its oWn private 
memory that is opaque to other objects. In the disclosed 
embodiment, an object may be used to convey data from one 
object to another object or may be used to transform data 
received as input. In one embodiment, the navigation tools 
212 are Written in the C programming language although in 
alternative embodiments other programming languages may 
be used, such as C++, Java, Visual Basic, and so on. 
B. THE ROUTE CALCULATION TOOL 

In the embodiment of FIG. 2, route calculation functions 
are performed by the route calculation tool 300. The route 
calculation tool 300 determines a route betWeen speci?ed 
locations. The route calculation tool 300 receives input in 
the form of data that identify at least an origin and a desired 
destination. The route calculation tool 300 may receive 
additional input information that affects the calculation of 
the route. For eXample, the input to the route calculation tool 
300 may include data that specify user preferences such as 
avoidance of toll roads or eXpressWays, and so on. The input 
may also include data that identi?es the time of day at Which 
the route Will be started Which may affect the route calcu 
lation. 

In the embodiment of FIG. 2, the route calculation tool 
300 receives its input from the navigation application 210. 
In the navigation application 210, the user interface func 
tions 220 receive input from the user interface 131. The 
input may include a request from the end-user for a route to 
be calculated to a desired destination. The navigation appli 
cation 210 may also receive information from the position 
ing system 124 indicating a position of the vehicle 111. The 
information from the positioning system 124 is used by the 
navigation application 210 to determine a present position of 
the vehicle 111. Alternatively, the end-user may specify a 
starting location for the route. Using these inputs, data that 
identity the locations of an origin and a destination are 
determined. This function may be provided by programming 
included in the navigation application 210 that then passes 
these data to the route calculation tool 300. Alternatively, 
this function may be provided by another navigation tool, 
such as a geo-coding tool, Which interfaces With the navi 
gation application 210 and route calculation tool 300. 

Given data that identify the positions of an origin and 
destination, the route calculation tool 300 calculates a route 
betWeen the origin and the destination. The route calculation 
tool 300 may use various means or algorithms for this 

purpose. Methods for calculating routes are disclosed in Ser. 

No. 09/047,698, ?led Mar. 25, 1998, the entire disclosure of 
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Which is incorporated by reference herein. (The methods 
disclosed in the aforementioned patent application represent 
only some of the Ways that routes can be calculated and the 
claimed subject matter of the present patent is not limited to 
any particular method of route calculation. Any suitable 
route calculation method noW knoWn or developed in the 
future may be employed.) 
The route calculation tool 300 provides an output. In the 

embodiment of FIG. 2, the output of the route calculation 
tool 300 is in form of a route calculation object 342. FIG. 3 
is a diagram representing the components of the route 
calculation object 342. The route calculation object 342 
contains an ordered list 344 identifying a plurality of road 
segment data entities (i.e., seg1, seg2, seg3 . . . seg(n)). The 
plurality of data entities represent the road segments that 
form the continuous navigable route betWeen the origin and 
the destination that had been calculated by the route calcu 
lation tool 300. Since these segments form a continuous 
route, each segment shares a node With its successor seg 
ment in the list. For eXample, as shoWn in FIG. 3, the 
segments “seg2” and “seg3” are shoWn to have a common 
node “N3.” The route calculation object 342 may include 
other information 346 in addition to the ordered list of road 
segment data entities. 

In a present embodiment, the route calculation object 342, 
Which is created by the route calculation tool 300, is used as 
an input to the route guidance tool 400. The route guidance 
tool 400 uses the data in the route calculation object 342, in 
conjunction With additional information from the geo 
graphic database 140, to return navigation information to the 
navigation application 210. The data returned by the route 
guidance tool 400 to the navigation application 210 may be 
sent directly to the user interface functions 220 for presen 
tation to the end-user via the user interface hardWare 131. 
Alternatively, the data returned by the route guidance tool 
400 to the navigation application 210 may be further pro 
cessed by programming in the navigation application 210. 
The presentation of information to the end-user via the user 
interface hardWare 131 may be in the form of audible 
instructions, visual teXtual instructions, visual graphical 
instructions, or any combinations of these or other types of 
information presentation. 
C. ROUTE GUIDANCE TOOL/MANEUVER GENERA 
TION TOOL 

Referring again to FIG. 2, the route guidance tool 400 is 
comprised of three navigation tools: a maneuver generation 
tool 500, a token generator tool 600, and an explication tool 
700. In a present embodiment, these navigation tools have 
the properties of tools, as described above. 
The maneuver generation tool 500 uses as its input the 

route calculation object 342 formed by the route calculation 
tool 300. (Methods for providing the functions performed by 
the maneuvering generation tool 500 are disclosed in the 
co-pending patent application, Ser. No. 08/893,201, ?led 
Jul. 15, 1997, the entire disclosure of Which is incorporated 
by reference herein. The maneuver generation tool describe 
herein is similar to the subject matter disclosed in the 
referenced application, eXcept as noted beloW.) 
The maneuver generation tool 500 performs at least tWo 

functions. The maneuver generation tool 500 uses the infor 
mation in the ordered list of segment data entities 344 in the 
route calculation object 342 to determine Which locations 
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along the calculated route should be explicated to the 
end-user With a maneuvering or advisory instruction. In 
addition, for each of the locations determined as requiring 
explication, the maneuver generation tool 500 collects infor 
mation needed to provide a maneuvering or advisory 
instruction for the particular location. 

In performing these functions, the maneuvering tool 500 
uses tWo objects. Referring to FIG. 4, the maneuver tool 500 
includes a (maneuver generation) con?guration object 530 
and maneuver generation object 540. The (maneuver 
generation) con?guration object 530 contains maneuver 
rules 532. These maneuver rules 532 are applied using the 
data in the route calculation object 342 and from the 
geographic database 140. These rules determine When a 
location along the calculated route should be explicated With 
a maneuvering instruction. As mentioned above, the route 
calculation object 342 contains the list 344 of data entities 
that represent segments of roads. Because this list represents 
road segments that form a continuous route, each road 
segment represented by a data entity in the list 344 shares a 
node (i.e., an “endpoint”) With a road segment represented 
by an adjacent data entity in the list. The maneuver rules 532 
are applied at each of these nodes in the list 344. 

In applying the maneuver rules 532, the direction of travel 
of the calculated route is taken into account. Thus, the 
segment by Which the calculated route leads into the node 
being tested by the maneuver rules 532 is identi?ed as the 
entry segment. The segment by Which the calculated route 
leads out of the node being tested by the maneuver rules 532 
is identi?ed as the exit segment. In addition, all the other 
road segments that are not part of the calculated route, but 
that share this same node With the entry and exit segments 
are identi?ed. The data entities that represent all these road 
segments are obtained from the database 140. 

The maneuver rules 532 are provided in the form of a 

table 533. (An example of a table containing maneuver rules 
is included at Table 1 in the Appendix.) The table 533 de?nes 
a plurality of maneuver types 534 and a plurality of maneu 
ver condition tests 535. Each of these maneuver types 534 
characteriZes a particular kind of roadWay con?guration 
change that can occur at the node being tested from the 
calculated route. Each maneuver type 534 is assigned a 
unique code or number. 

Each of the maneuver condition tests 535 is formulated to 

accept only a positive or negative ansWer. Each maneuver 
type 534 de?ned in the table 533 is associated With a unique 
subset of the plurality of maneuver condition tests 535. Each 
maneuver condition test 535 uses the data in the data entities 

Which had been obtained from the database 140 (such as the 
data associated With the entry segment, the exit segment, the 
accessible and inaccessible segments, and so on) to ascertain 
Whether the condition speci?ed in the maneuver condition 
test is satis?ed. For each node in the calculated route 344, if 
all the maneuver condition tests associated With a maneuver 

type 534 are satis?ed, a maneuver instruction is required for 
that the node location. 

For each of the locations determined by the maneuvering 
tool 500 as requiring explication, the maneuvering tool 500 
forms a maneuver data structure 550 and adds the maneuver 

data structure to the maneuver generation object 540. Each 
maneuver data structure 550 formed by the maneuver gen 

10 

15 

25 

35 

45 

55 

65 

10 
eration tool 500 contains the information needed to provide 
a maneuvering instruction to the end-user at the location 
along the route at Which explication has been determined to 
be provided to the end-user. Some of the data required for 
the maneuver data structure is included in or derived from 

the segment data entities that Were tested to determine 
Whether a maneuvering instruction is required at the location 
of the node. Additional data may be required to be obtained 
or derived from the database 140 by the maneuver genera 
tion con?guration object. 

FIG. 5 shoWs the kinds of data contained in each maneu 

ver data structure 550. In one embodiment, the maneuver 

data structure 550 is formed as a C data structure. Using data 
from the segment data entities that share the node associated 
With the maneuver, as Well as any additional data needed or 

derived from the geographic database, the maneuver gen 
erator object 540 collects data corresponding to the various 
members of the maneuver data structure 550. Data are 

collected to the extent they are available. Members of the 
data structure may be left empty if there is no data available 
(e.g., if one of the roads at a maneuver location is unnamed). 

Included in the data structure 550 is a ?eld 550(1)(1) that 
identi?es the number of segments that meet at the node. The 

entry and exit segments 550(1)(2), 550(1)(3) into the node 
are identi?ed. In addition, any accessible segments 550(1) 
(4) that share the node are identi?ed and any inaccessible 
segments 550(1)(5) that share the node are identi?ed. For 
each of the segments (entry, exit, accessible, and 
inaccessible), the data structure 550 provides for identifying 
the segment database identi?cation (a DBID) 550(2)(1), the 
name(s) of the segment (if any) 550(2)(2), sign(s) on the 
segment (if any) 550(2)(3), the rank of the segment 550(2) 
(4), the segment classi?cation relative to the entry segment 
(exit, accessible, inaccessible) 550(2)(5), the database clas 
si?cation of the segment (e.g., controlled access, street, 
ramp) 550(2)(6), and the angle of the segment relative to the 
entry segment 550(2)(8). In addition, the data structure 550 
also includes a ?eld that can be used to identify the maneu 

ver type (as described above) 550(4)(2), the distance to the 
next maneuver 550(4)(4), and Whether the maneuver is 

included in a multiple maneuver 550(4)(1). (A multiple 
maneuver may be de?ned by the maneuver generator object 
When a location at Which a maneuvering instruction is 
determined to be required is so close to an another adjacent 
location at Which a maneuvering instruction is determined to 

be required that it may be preferable to present the tWo, or 
more, maneuver instructions to the end-user at the same 

time. The distance at Which a multiple maneuver is de?ned 

is con?gurable and may be a function of various factors, 
including speed limits along the road segments, distance, 
rank, and so on.) 
The data structure may also include ?elds for providing 

context information 550(3) for the exit road. This kind of 
information may be useful When the other information in the 
maneuver structure is not suf?cient to describe the exit fully, 
such as When the exit segment is unnamed. The ?elds for 
context information may include a destination string 550(3) 
(1) Which describes the exit of the maneuver in cases Where 
the exit segment name is not suf?cient (such as When it is 
unnamed). The context information 550(3) may also include 
a ?eld for a “location” 550(3)(2) Which gives the location of 
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the exit relative to another road (e.g., before, after, ahead, 
behind, on the right, or on the left). The context information 
550(3) may also include a ?eld for a “turn angle” 550(3)(3) 
Which gives the angle to be taken to go onto the exit road. 
The context information may also include a ?eld for a 

“heading” 550(3)(5) Which can be used during the starting 
off maneuver and provides the initial heading to be taken 

(e.g., north, south, east, West, northWest, etc.) The context 
information 550(3) may also include a ?eld for “relative to” 
550(3)(4). The “relative to” ?eld 550(3)(4) is meant to be 
used in a starting off maneuver. The “relative to” ?eld 

550(3)(4) gives an initial intersection to be traveled toWard. 
It can also used in cases Where the exit segment is unnamed 
(e.g., “turn right after Main Street”). The context informa 
tion 550(3) may also include a ?eld for “number of exits” 
550(3)(6) Which can be used for roundabout maneuvers. 
This “number of exits” ?eld 550(3)(6) includes the number 
of exits to be passed traveling along a roundabout before 
reaching the desired exit. 

In addition to the members mentioned above, the maneu 
ver data structure 550 may include additional members 

550(5). 
The maneuver data structure also includes information for 

providing advisories. Advisories are types of useful expli 
cation information that are not necessarily associated With a 

maneuver. Advisories may be provided When there is a 

change in the road netWork, but a speci?c driving maneuver 
is not required. For example an advisory may be provided 
When entering or leaving a bridge or a tunnel. The maneuver 

data structure 550 includes a ?eld that includes a listing 

550(4)(3) of one or more advisory types. Referring again to 
FIG. 4, in addition to the maneuver rules 532 Which are used 
for determining Whether to explicate a maneuver at a par 

ticular node and forming the data structures 550 thereWith, 
the maneuver con?guration object 530 also includes advi 
sory rules 570. The advisory rules 570 are applied to each of 
the nodes in the route calculation object 342. Like the 
maneuver rules 532, the advisory rules 570 are in the form 
of a table 572. (An example of a table containing advisory 
rules is included at Table 2 in the Appendix.) The advisory 
rules table 572 includes a set of advisory types 576 and a set 
of advisory condition tests 578. Each advisory type 576 
characteriZes a particular kind of advisory that can be 
provided at a node. Each advisory type 576 is assigned a 
unique code or number. Each of the advisory condition tests 
578 is formulated so as to permit only positive and negative 
results. Aunique subset of the advisory condition tests 578 
is associated With each different advisory type 576. If 
positive results are obtained for all the advisory condition 
tests associated With an advisory type 576, that advisory type 
576 is associated With the maneuver at that location. 

Unlike the rules for maneuvers, the rules for advisories do 
not require a unique result. Thus, for a given location along 
a route, there may be one advisory type, multiple advisory 
types, or no advisory type. The number or code for each 
advisory type 576 is included in the data structure 550 
formed for that location. 

The application of the advisory rules is independent of the 
application of the maneuver rules. Thus, application of the 
advisory rules can require that an advisory instruction be 
provided at a location along a route even if the application 
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of the maneuver rules at the same location does not require 
that a maneuvering instruction be provided. If application of 
the advisory rules requires that an advisory instruction be 
provided at a location, but application of the maneuver rules 
at the same location does not require that a maneuvering 
instruction be provided, a maneuver data structure is formed 
for that location containing data for the members of the data 
structure to the extent the data are available. A maneuver 

data structure formed for such a location Would have a 
maneuver type of “0.” 
The maneuver generation con?guration object 540 

traverses the list 344 of data entities in the route calculation 
object 342 so that each node along the calculated route is 
tested With the maneuver rules 532. A maneuver data struc 
ture 550 having information for each of the ?elds identi?ed 
above (to the extent such information is available) is formed 
for each location in the calculated route at Which the all the 
maneuver condition tests for any of the maneuver types or 

all the advisory condition tests for any of the advisory types 
are satis?ed. The maneuver data structures 550 formed by 

this process are contained in order in the maneuver genera 

tion object 540. 
D. ROUTE GUIDANCE TOOL/TOKEN GENERATOR 
TOOL 

(1) OvervieW 
Referring again to FIG. 2, the token generator tool 600 

uses as its input the maneuver generation object 540 formed 
by the maneuver generation tool 500. The token generator 
tool 600 includes a (token generator) con?guration object 
620 and a token generator object 650. Using the information 
in the list of data structures 550 in the maneuver generation 
object 540, the token generator object 650 forms a token list. 
In turn, the token generator object 650 is used by the 
explication tool 700 (or one or more of the tools included 
therein) to form maneuvering instructions that are returned 
to the navigation application 210 in order to explicate the 
route calculated by the route calculation tool 300 to the 
end-user. 

FIG. 6 is a diagram illustrating the components of the 
token generator object 650. The token generator object 650 
contains a token list 652. The token list 652 is comprised of 
an ordered sequence of tokens 655. A token 655 is used to 
contain a fragment of the data from Which is formed the 
maneuvering instruction to be explicated to the end-user. 
Tokens can be independent of the physical form (i.e., visual 
or audio) in Which the maneuvering instructions are pro 
vided. Thus, tokens can be converted to either character data 
or graphics data (for visual display) or audio data (for audio 
playback). Thus, the tokens represent abstractions of the 
data units used for explication. 

Tokens can contain tWo types of data: symbols and 
character string data. Symbols are used to represent Words 
and phrases (or graphics) that are commonly used When 
providing maneuvering instructions or When building mean 
ingful grammatical constructions as part of maneuvering 
instructions. For example, symbols may be used for such 
Words and phrases as “INTERSECTION”, “MERGE”, 
“TURN LEFT”, and so on. In one embodiment, numbers are 

used for symbols, so that the number 00001 may be used to 
represent the Word “INTERSECTION”, the number 00002 
may be used to represent the Word “MERGE”, the number 
00003 may be used to represent the phrase “TURN LEFT”, 
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and so on. (Examples of symbols and the Words or phrases 
to Which they correspond are included at Table 5 in the 
Appendix. In Table 5, the second column includes the 
symbols and the ?rst column includes the character text 
strings corresponding to the symbols.) 

Symbols can map to audio data, character text string data, 
graphics data, or combinations of audio, character text 
string, and graphics data. The explication tools 700, 
described beloW, use this mapping capability to output data 
to the navigation application 210. If the maneuvering 
instructions are going to be provided audibly, the audio data 
(?les or portions thereof) mapped to by these symbols are 
returned by the explication tool 700 to the navigation 
application 210 and are played back by softWare in the 
navigation application 210 and hardWare in the user inter 
face 131 in order to hear the maneuvering instructions. If the 
maneuvering instructions are going to be displayed on a 
video screen, the character text string data (or the graphics 
data) mapped to by these symbols are returned by the 
explication tool 700 to the navigation application 210 and 
are displayed on a video screen of the user interface 131 in 

order to see the maneuvering instructions. Alternatively, the 
explication tool 700 can return combinations of audio data, 
character string text data, and graphics data so that the 
maneuver instructions can be provided both audibly and 
visually. (In Table 5 in the Appendix, the third column 
includes a textual description of What is heard When the 
audio data corresponding to the symbol in the second 
column is played back.) 
As stated above, tokens can also contain character string 

data instead of symbols. Character string data may be 
included in tokens in order to provide more elaborate and/or 
meaningful maneuvering instructions. For example, charac 
ter string data may be used to add the names of geographic 
features (e.g., road names or point of interest names) to the 
maneuvering instructions in order to make the instructions 
more meaningful. For this kind of information, audio data 
(?les or portions thereof) in Which the geographic name is 
rendered in speech may be unavailable. Therefore, a token 
for this kind of data contains a character string of the 
geographic feature name. This character string data may be 
obtained from the geographic database 140 that includes the 
names of geographic features. For example, the maneuver 
ing instruction “TURN LEFT AT THE NEXT INTERSEC 
TION” could be formed from tokens using only symbols. A 
more detailed maneuvering instruction could be provided 
using the name of the geographic feature involved in the 
maneuver: “TURN LEFTAT THE NEXT INTERSECTION 

INTO IRVING PARK ROAD.” In the latter maneuvering 
instruction, the Words “IRVING PARK ROAD” Would be 
derived from a token that included the character string 
“IRVING PARK ROAD.” 

Tokens that contain character string data may be used to 
provide both audio and visual maneuvering instructions. In 
order to provide maneuvering instructions audibly from 
tokens that include character strings, text-to-speech softWare 
may be used. 

(2) The Rules Tables 
The token generator con?guration object 620 contains the 

components used for generating the token generator object 
650. These components include con?guration parameters 
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14 
and tables necessary for generating a list of tokens. Refer 
ring to FIG. 7, the token generator con?guration object 620 
includes one or more rules tables 630. Each of these rules 

tables 630 may include rules that are tailored for a speci?c 
kind of explication. For example, one kind of rules table is 
a voice rules table 630(V). The voice rules table 630(V) is 
used to provide an output in the form of a token generator 
object 650 in Which the tokens are arranged for providing 
meaningful audio maneuvering instructions. Another kind of 
rules table is a text rules table 630(T). The text rules table 
630(T) is used to provide an output in the form of a token 
generator object 650 in Which the tokens are arranged for 
providing meaningful maneuvering instructions as text on a 
video display. (Referring to the Appendix, Table 3 is an 
example of a rules table for generating tokens for visual 
display and Table 4 is an example of a rules table for 
generating tokens for audio playback.) 

Although separate rules tables may be used to produce 
separate token generator objects for voice and text, in an 
alternative embodiment, both voice and text explication can 
be provided from the same token generator object produced 
by a generic rules table. 

Rules tables may be provided for explication in different 
languages. Rules tables are provided for different languages 
in order to account for the grammatical differences of 
different languages. The rules table for a language arranges 
the tokens in the token generator object 650 (from Which the 
Words and phrases in the maneuvering instructions are 
derived) in the proper sequence for correct grammatical 
constructions in the language in Which the maneuvering 
instruction is being provided. For example, separate rules 
tables may be provided for English, French, Spanish, 
German, and so on. 

Alternate rules tables may also be provided. These alter 
nate rules table may be used for producing special kinds of 
token generator objects. For example, if the navigation 
system has limited video display capabilities, an alternative 
rules table can be used that produces a token generator 
object in Which the maneuvering instructions derived there 
from are appropriately limited. 

Referring to FIGS. 8 and 9 (and Tables 3 and 4 in the 
Appendix), each of the rules tables 630 includes structured 
lists of cases, including tests, associated actions and outputs, 
that are applied to each of the ordered plurality of maneuver 
data structures 550 in the maneuver object 540. For each 
maneuver data structure 550, the token generator object 650 
uses the rules in one of the rules tables 630 to form an output 

list 631. The contents of the output list 631 are converted in 
the token generator object 650 to an ordered token sequence 
633. The token sequences 633 generated from all the maneu 
ver data structures 550 are used to build the token list 652 

that is contained in the token generator object 650. As each 
maneuver data structure 550 from the maneuver generation 

object 540 is processed, the token sequence 633 formed for 
that maneuver is added to the token generator object 650. 
More speci?cally, the token sequence 633 formed for each 
maneuver data structure 550 is appended to the end of the 
partially formed list in the token generator object 650 that 
contains the tokens, if any, Which had already been added 
from previously processed maneuvers. Once all the maneu 
vers data structures are processed, the token sequences 633 
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formed from all the maneuvers 550 form the complete token 
list 652 in the token generator object 650. 
From the token list 652 in the token generator object 650, 

the route calculated by the route calculation tool 300 can be 
explicated. Explication is performed by converting the 
tokens in the token generator object 650 into the appropriate 
format requested by the navigation application 210. For 
tokens that are symbols, explication involves obtaining the 
audio data (?les or portions thereof), the text character 
strings, or the graphics data (?les or portions thereof) to 
Which the symbols are mapped. For tokens that are character 
strings, explication involves returning the character strings 
for textual maneuvering instructions or performing a text 
to-speech conversion for audio maneuvering instructions. 

In the token generator con?guration object 620, each of 
the rules tables 630 includes a plurality of rules sets 632. The 
rules table 630 includes rules sets 632 for different combi 
nations of maneuver types and advisory types that can be 
found in any of the maneuver data structures 550. As 

mentioned above, each maneuver data structure 550 

includes members, 550(4)(2) and 550(4)(3), that identify a 
maneuver type and possibly one or more advisory types. The 
rules table 630 includes a rules set 632 for each maneuver 

type and each combination of maneuver type and advisory 
type. For example, in the rules table 630 shoWn in the FIG. 
8, one rules set 632MAN(0) is de?ned for maneuver type 
“0”, another rules set 632MAN(1) is de?ned for maneuver 
type “1”, another rules set 632MAN(2) is de?ned for maneu 
ver type “2” and so on. 

Referring to FIG. 9, each rule set 632 in the rules table 630 
includes one or more cases 634. Within each rules set, each 

case is uniquely numbered, e.g., 1, 2, 3 . . . and so on. The 

cases 634 in each rules set 632 account for each situation 
that can occur in the maneuver data structure 550 that has 

that speci?c combination of maneuver type or advisory type. 
The cases 634 in each rules set 632 are ordered so that When 

the con?guration object 620 applies the rules set 632 to a 
maneuver data structure 550 having a speci?ed combination 
of maneuver type or advisory type, the ?rst case 634 listed 
in the rules set 632 is applied ?rst. 

Each maneuver data structure 550 is treated separately. 
Also, each maneuver data structure 550 is taken in the order 
in Which it is contained in the maneuver generation object 
540. Only the rules sets 632 that include cases that match the 
speci?c maneuver type and advisory type in the maneuver 
data structure 550 are used. 

In the embodiment shoWn in FIG. 9, a rules set is de?ned 
for a maneuver type equal to “—1”. If a rules set has a “—1” 

in its maneuver type ?eld, it is satis?ed by any maneuver 
type. For example, a case that has a “—1” in the maneuver 

type ?eld and an “8” in the advisory type ?eld is applied to 
any maneuver data structure that has an advisory type of “8.” 
The maneuver data structure may have any maneuver type 

in its maneuver type ?eld. 
Within a rules set, a case that has a “—1” in the advisory 

type ?eld is satis?ed by any advisory type. Thus, if a case 
has a “4” in the maneuver type ?eld and a “—1” in the 

advisory type ?eld, it is applied to any maneuver data 
structure that has a maneuver type of “4.” The maneuver 

data structure may have any advisory type. In this manner, 
cases for advisory types can be used for more than one 
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16 
maneuver type and cases for maneuver types can be used for 

more than one advisory type. 
Referring to FIG. 9, associated With each case 634 in each 

rules set 632 is a tests ?eld 636. The tests ?eld 636 for each 

case 634 identi?es one or more tests 637, or the test ?eld 636 

may indicate that there are no tests associated With the case. 

(For example, the tests ?eld 636 may indicate that no tests 
are required by the presence of a code, such as “—1” in the 
tests ?eld.) In one embodiment, the tests ?eld 636 identi?es 
each test 637 by a test ID. Each test 637 is formed so that 

the result of the test is either “pass” or “fail.” (In the sample 
token rules tables included at Tables 3 and 4 in the 
Appendix, the names of the tests instead of the test ID’s are 

included in the tests ?elds for the sake of illustration.) 
Each test 637 for each case 634 is performed using the 

data in the associated maneuver data structure 550. For 

example, one of the tests 637 might check for the presence 
of a name in the name of exit segment ?eld of the maneuver 

data structure. Another test might check for the presence of 
a name in the destination ?eld of the maneuver data struc 

ture. The token generator tool 600 includes a number of 
default tests in the token generator object 650. Additional 
tests may be de?ned and included by the navigation appli 
cation program 210. (The tests 637 are in the code base 
Which makes up the token generator object 650, or if tests 
are de?ned in the navigation application 210, the tests 637 
may be located there. The test ID’s Which make up the rules 
are in the token generator con?guration object 620.) 

Also associated With each case 634 are an action ?eld 638, 

a success path ?eld 640, a fail path ?eld 642, and a case 
output 643. The contents of the case output 643 can include 

a list of one or more keys 656, symbols 668, or strings 674, 
or combinations thereof, or alternatively the case output 643 
can be empty. Keys, symbols and strings are explained 
further beloW. The keys, symbols, and strings in the output 
list 631 are arranged in the case output in a manner that 

provides for a meaningful explication of all or part of the 
maneuver to be provided taking into account the kinds of 
information included in the maneuver data structure as 

determined by the tests that are performed for that case. 
The action ?eld 638 of a case 634 is de?ned to have one 

of tWo values, “replace” or “append.” If all the tests 637 
speci?ed in the test ?eld 636 of a case 634 are passed, the 
action listed in the action ?eld 638 of the case is performed. 

If the action ?eld 638 for a case 634 indicates “append”, 
all the contents 645 in the case output 643 of the case are 

added. This means that any keys 656, symbols 668, or 
strings 674 listed in the case output 643 of the successfully 
passed case are added to any keys 656, symbols 668, or 
strings 674 already appended for that same maneuver by a 
previously performed case, if any. This collection of neWly 
appended and already appended keys 656, symbols 668, or 
strings 674 is temporarily saved as a potential output list 631 
for the maneuver While any more cases (Which may include 
additional tests) for the same maneuver are performed. If 
there are no keys 656, symbols 668, or strings 674 from a 
previous case for the same maneuver, the contents 645 of the 
case output 643 of the successful case are temporarily saved 
as a potential output list 631 for the maneuver While any 
tests associated With any further cases associated With the 

same maneuver are performed 






































































